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1
VOLTAGE REGULATOR

BACKGROUND

1. Field

Embodiments may relate to a voltage regulator for an
electronic device.

2. Background

Electronic devices (or platform loads) may be powered by
a battery and a voltage regulator. Voltage regulator (VR)
losses are major contributors in total platform power loss.
Residency (or probability) of a voltage regulator output
current may show where this power is lost most of the time.
For example, approximately 50% of the time, the voltage
regulator may operate at an idle condition. An idle condition
may be a no load condition or a low load condition.
Electronic devices may be idle for a significant portion of the
battery life. Thus, a reduction of power losses in idle states
may be a critical aspect in platform power delivery. One
contributor for voltage regulator high power losses is a
switching loss in direct current (DC)-direct current (DC)
buck type voltage regulators.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described in
detail with reference to the following drawings in which like
reference numerals refer to like elements and wherein:

FIG. 1 shows an example of an electronic device;

FIG. 2 shows an example of a power system for an
electronic device (or platform load);

FIG. 3 shows a voltage regulator according to an example
embodiment;

FIG. 4 shows an example of an idle control device;

FIG. 5 is a timing diagram of a voltage regulator when
power to a platform load is first turned ON;

FIG. 6 is a timing diagram of a voltage regulator when a
platform load is in an idle state; and

FIG. 7 is a power cycling timing diagram of a voltage
regulator.

DETAILED DESCRIPTION

In the following detailed description, like reference
numerals may be used to designate identical, corresponding
and/or similar components in differing figure drawings.
Further, in the detailed description to follow, example sizes/
models/values/ranges may be given although embodiments
are not limited to the same. Where specific details are set
forth in order to describe example embodiments, it should be
apparent to one skilled in the art that embodiments may be
practiced without these specific details.

In the following description, signals may be described as
being asserted. This may correspond to being a HIGH signal
(or a 1). Signals may also be described as being de-asserted.
This may correspond to being a LOW signal (or a 0).

An electronic device (also hereafter referred to as a
platform load) may receive a direct current (DC) voltage
from a voltage regulator. The voltage regulator may be
provided external of the electronic device or the platform
load.

FIG. 1 shows an example of an electronic device. Other
configurations may also be provided. The electronic device
(or platform load) may be any one of a number of battery-
powered devices, such as, but not limited to, a mobile phone,
a personal digital assistant, a media player, and/or a laptop
or notebook computer. Alternatively, the electronic device
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may be an AC-powered device that is usually used at a fixed
location such as a desktop computer, a television, a digital
video disc (DVD) or other type of media player, surround-
sound and/or other media receiver just to name a few.

As shown in FIG. 1, the electronic device may include a
processor 1, a chipset 2, a graphical interface 3, a wireless
communications unit 4, a display 5, a memory 6, and a
plurality of functional circuits including a universal serial
bus (USB) interface 7, speaker and microphone circuits 8,
and a flash memory card 9. A media player may also be
provided. In other embodiments, a different combination or
arrangements of circuits and functions may be included.

FIG. 2 shows an example of a power system for an
electronic device (or a platform load). Other configurations
may also be provided. The features of FIG. 2 may also be
considered an apparatus, a system and/or an electronic
device.

FIG. 2 shows that a battery 10 may provide a direct
current (DC) voltage (or voltage input) to a voltage regulator
(VR) 20. The voltage regulator 20 may adjust the received
voltage input to a voltage output, which may then be
provided to a platform load 30 (or electronic device). The
power system may include the voltage regulator 20 and the
battery 10. The voltage regulator 20 may provide a DC
voltage to the platform load 30, which is an electronic
device.

As will be described below, embodiments may use a super
capacitor to supply a required power during light load
conditions. This may result in a significant improvement in
energy requirement at a particular load. An improvement
may also be made in noise performance of the power source.

FIG. 3 shows a voltage regulator according to an example
embodiment. FIG. 4 shows an example of an idle control
device for the voltage regulator of FIG. 3. Other embodi-
ments and configurations are also within the scope of this
disclosure. The voltage regulator shown in FIG. 3 may
correspond to the voltage regulator shown in FIG. 2. Other
configurations of the idle control device may be provided.
The features of FIG. 3 may also be considered an apparatus,
a system and/or an electronic device.

More specifically, FIG. 3 shows a voltage regulator 100
that includes a voltage controller 120, a buck converter 150
and a super-capacitor device 170. The voltage regulator 100
may be coupled to a battery 110, which may correspond to
the battery 10 of FIG. 2. The battery 110 may provide a DC
voltage to the voltage regulator 100.

The voltage regulator 100 (and more specifically, the
voltage controller 120) may include a pulse width modula-
tion (PWM) control device 122, a transistor driver circuit
126 (or a field effect transistor (FET) driver), a voltage sense
device 132, a current sense device 136, a super-capacitor
control device 146, and an idle control device 142. The
PWM control device 122, the transistor driver circuit 126,
the voltage sense device 132, the current sense device 136
and the idle control device 142 may be considered a first
circuit, and the super-capacitor control device 146 may be
considered a second circuit.

The buck converter 150 may include a first switch tran-
sistor 152, a second switch transistor 154, an inductor 156,
and a capacitor 158. Each of the first switch transistor 152
and the second switch transistor 154 may be a field effect
transistor (FET). As shown in FIG. 3, the first switch
transistor 152 and the second switch transistor 154 are
coupled in series between the battery 110 and a ground.

A middle node 153 between the first switch transistor 152
and the second switch transistor 154 is coupled to the first
end of the inductor 156. The second end of the inductor 156



US 9,477,278 B2

3

is an output node 160 that provides an output voltage V, to
the platform load (or the electronic device).

As shown in FIG. 3, the capacitor 158 of the buck
converter 150 is coupled between the output node 160 and
ground. The first end of the capacitor 158 is coupled to the
second end of the inductor 156 (i.e., the output node 160),
and the second end of the capacitor 158 is coupled to ground.

The buck converter 150 may provide feedback signals to
the voltage controller 120 so that the voltage controller 120
may control the buck converter 150. For example, a first
feedback signal I is a voltage across the first end of the
inductor 156 (or the node 153) and the second end of the
inductor 156 (or the node 160). The first feedback signal
Isznsz may be an input to the current sense device 136 of the
voltage controller 120. The current sense device 136 may
receive feedback signals indicative of current in the buck
converter 150.

The buck converter 150 may further provide a second
feedback signal Vs based on a voltage at the output
node 160 (between the inductor 156 and the capacitor 158)
and ground. The second feedback signal V.. .r may be
input to the voltage sense device 132 of the voltage con-
troller 120. The voltage sense device 132 may receive a
feedback signal indicative of the output voltage. The second
feedback signal may also be taken from the platform load.

The second feedback signal V ¢z and the first feedback
signal I ;.. may help stabilize the output voltage V, of the
voltage regulator 100 to within a desired tolerance. The first
feedback signal Iz may also help protect the voltage
regulator 100 from over current conditions.

The voltage sense device 132 may provide an output
signal to the PWM control device 122, and the current sense
device 136 may provide an output signal to the PWM control
device 122. The PWM control device 122 may control the
transistor driver circuit 126. The PWM control device 122
may further provide an OVERRIDE signal based on the
signal received from the voltage sense device 132. In an idle
condition when the output voltage goes below the tolerance
(V,—AV), the OVERRIDE signal is asserted. For example,
AV=Tolerance*V /100. The tolerance is a percentage of the
allowed output change.

The voltage sense device 132 may receive a feedback
signal indicative of the output voltage V. The current sense
device 136 may receive a feedback signal indicative of
current in the buck converter 150 (i.e., current through the
inductor 156).

The pulse width modulation control device 122 may
receive signals from the voltage sense device 132 and the
current sense device 136. The pulse width modulation
control device 122 may provide the OVERRIDE signal
based on the signal received from the voltage sense device
132.

The transistor driver circuit 126 may provide driving
signals to control the first switch transistor 152 and the
second switch transistor 154 of the buck converter 150.
More specifically, the transistor driver circuit 126 may apply
pulse width modulation signals to the first and second switch
transistors 152, 154 of the buck converter 150. The width of
the signals may control the timing of the first and second
switch transistors 152, 154. The driving signals may be
adjusted (or provided) based on the feedback signal.

The super-capacitor device 170 may include a first control
transistor 172, a second control transistor 174 and a super-
capacitor 176. Each of the first control transistor 172 and the
second control transistor 174 may be a field effect transistor.

The first control transistor 172, the second control tran-
sistor 174 and the super-capacitor 176 are coupled in series
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between the output node 160 and ground, and may control
the output voltage V,. A voltage Vs at a node 175 may
represent voltage in the super-capacitor 176. The first con-
trol transistor 172 may receive a driving discharge signal
SC-DIS, which generally relates to discharging the super-
capacitor 176. The second control transistor 174 may receive
a driving charge signal SC_CHG, which generally relates to
charging the super-capacitor 176. Accordingly, the first
control transistor 172 and the second control transistor 174
may act as control switches to control the flow of charge into
and out from the super-capacitor 176.

As one example, the super-capacitor 176 may be an
electrochemical capacitor with a relatively high energy
density. The super-capacitor 176 may also be referred to as
an electric double-layer capacitor.

The first and second control transistors 172, 174 are
controlled by the driving signals SC_CHG and SC_DIS that
are generated by the super-capacitor control device 146 (of
the voltage controller 120). For example, on a powering on
condition, the super-capacitor control device 146 may make
sure that the super-capacitor 176 becomes fully charged.
Additionally, in the idle state (or condition), the super-
capacitor control device 146 may discharge the super-
capacitor 176 to supply power, such as to the platform load.
In a power cycle or non-idle state, the super-capacitor
control device 146 may isolate the super-capacitor 176 from
being discharged.

As one example, when both the driving signals SC_CHG
and SC_DIS are HIGH (or 1), then the super-capacitor 176
may be ON for charging as well as discharging. When the
driving signal SC_DIS is HIGH and the driving signal
SC_CHG is LOW (or 0), then the super-capacitor 176 may
only discharge (without charging). When the driving signal
SC_DIS is LOW and the driving signal SC_CHG is HIGH,
then the super-capacitor 176 may be only charging (without
discharging). Further, when both the driving signals SC_DIS
and SC_CHG are LOW, then the super-capacitor 176 may be
disconnected (or isolated).

As shown in FIG. 4, the idle control device 142 includes
a logical AND device 144, a logical OR device 146 and a
logical device 148, such as a 2-input Negative AND gate.
Other logical devices or gates may be used for the idle
control device 142.

The idle control device 142 may receive two input signals,
namely a first input signal VR_EN and a second input signal
SO_iX. The first and second input signals may be provided
from the platform load, such as the platform load 30 shown
in FIG. 2.

The first input signal VR_EN may represent the turning
on or off of the platform load. The first input signal VR_EN
may be HIGH when the platform load is powered ON, and
the first input signal VR_EN may be LOW when the
platform load is not powered ON.

The second input signal SO_iX may represent an idle
condition of the platform load. The second input signal
SO_iX may be HIGH when the platform load is in an idle
state (or condition), and the second input signal SO_iX may
be LOW when the platform load is not in an idle state.

The logical device 148 may receive an inverted second
input signal SO_iX and an inverted OVERRIDE signal. The
logical device 148 may perform a logical AND operation
based on the received signals. An output of the logical
device 148 may be provided to an input terminal of the
logical OR gate 146.

The logical OR device 146 may receive two input signals,
one from the logical device 148 and one from the PWM
control device 122. The signal from the PWM control device
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122 may be the OVERRIDE signal. In the idle state, the
OVERRIDE signal may be provided when the output volt-
age V,, falls below a prescribed value, such as V,-AV.

The logical OR device 146 may perform a logical OR
operation on the received input signals. The logical OR
device 146 may provide an output signal to the logical AND
device 144.

The logical AND device 144 may receive two input
signals, the first input signal VR_EN and one from the
logical OR device 146. The logical AND device 144 may
perform a logical AND operation based on the received
signals. The logical AND device 144 may provide an output
signal (i.e., a transistor driver enable signal SW_EN) to the
transistor driver circuit 126.

FIG. 3 shows that the buck converter 150 may receive a
DC voltage from the battery 110, and may provide the output
voltage V. The voltage controller 120 may receive a feed-
back signal from the buck converter 150. The voltage
controller 120 may provide driving signals to the first and
second switch transistors 152, 154 based on the feedback
signal(s). The super-capacitor device 170 may provide the
output voltage V_ when the buck converter 150 is turned off.

The voltage controller 120 may turn on the buck converter
150 when the second input signal SO_iX is received indica-
tive of a platform load being initially turned on. An output
voltage may be provided from the voltage regulator 100
while the buck converter 150 is turned off. The super-
capacitor 176 may be charged while the buck converter 150
is turned on. The voltage controller 120 may turn off the
buck converter when the first input signal VR_EN is
received indicative of the platform load being in an idle state
(or idle condition). At that time, an output voltage may be
provided from the super-capacitor 176 while the buck con-
verter 150 is turned off.

The idle control device 142 may provide an idle signal
when the platform load is in the idle state. The transistor
driver circuit 126 may receive the idle signal from the idle
control device 142 and turn the buck converter 150 off in
response to receiving the idle signal. Accordingly, the driv-
ing signals of the buck converter 150 (i.e., the first and
second switch transistors 152, 154) may be provided or
adjusted based on the feedback signal(s).

FIG. 5 is a timing diagram of a voltage regulator when
power to a platform load is first turned ON (or is first
powered on). Other embodiments and timing diagrams are
also within the scope of the present disclosure.

More specifically, FIG. 5 shows that the first input signal
VR_EN is asserted by the platform load (or electronic
device) indicating that the voltage regulator 100 should start
increasing (or ramping) its output voltage Vo. FIG. 5 shows
the first input signal VR_EN going HIGH. In FIG. 5, the
second input signal SO_iX (or idle signal) is not asserted.

Based on the assertion of the first input signal VR_EN, the
transistor driver enable signal SW_EN is asserted (or goes
HIGH). This enables the transistor driver circuit 126 to drive
the first and second switch transistors 152, 154. The PWM
control device 122 may control the output voltage to within
a set tolerance (shown as +Tol % or -Tol %).

As is further shown in FIG. 5, the second control tran-
sistor 174 is turned ON by the assertion of the driving charge
signal SC_CHG, and the super-capacitor 176 is charged in
a constant current mode. This cycle charges the voltage V,,
to Vo+AV. The AV may correspond to a tolerance. At this
point, the driving charge signal SC_CHG may be deasserted,
and the second control transistor 174 is turned OFF. Stated
differently, while the buck converter 150 is turned ON, the
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6

super-capacitor 176 may be charged. Once the super-capaci-
tor 176 is charged to a prescribed value, the charging may
stop.

FIG. 6 is a timing diagram of a voltage regulator when a
platform load is in an idle state (or an idle mode or
condition). Other embodiments and timing diagrams are also
within the scope of the present disclosure. A determination
of whether the platform load is in the idle state may be made
by a component on the platform load, for example.

More specifically, when the platform load 30 is in an idle
mode, the platform load 30 may notify the voltage regulator
100 by asserting the second input signal SO_iX. In other
words, when the platform load 30 is in the idle mode, the
second input signal SO_iX goes HIGH as shown in FIG. 6.
This results in the transistor driver enable signal SW_EN
being de-asserted (or going LOW) as shown in FIG. 6. This
de-assertion of the transistor driver enable signal SW_EN
effectively disables the transistor driver circuit 126, which in
turn switches off (or turns off) the buck converter 150. In
other words, when the platform load 30 operates in the idle
state, the buck converter 150 is turned off.

At substantially the same time as the de-assertion of the
transistor driver enable signal SW_EN, the first control
transistor 172 and the second control transistor 174 of the
super-capacitor device 170 are turned on (i.e., the transistors
172, 174 are enabled). Stated differently, the super-capacitor
control device 146 asserts the driving charge signal
SC_CHG to the second control transistor 174, and the
super-capacitor control device 146 asserts the driving dis-
charge signal SC_DIS to the first control transistor 172. As
shown in FIG. 6, the driving charge signal SC_CHG and the
driving discharge signal SC_DIS are both HIGH. Based on
the output current that needs to be supplied to the platform
load, the super-capacitor 176 starts discharging based on
operation of the first and second control transistors 172, 174.

When the output voltage Vo goes below V,-AV, the PWM
control device 122 asserts the OVERRIDE signal to override
the transistor driver enable signal SW_EN. That is, the
transistor driver enable signal SW_EN goes HIGH and the
OVERRIDE signal goes HIGH. Based on these signals, the
buck converter 150 may be turned ON, power may be
supplied to the platform load, and the voltage Vs across the
super-capacitor 176 may be charged to V +AV. When the
super-capacitor 170 is fully charged, the OVERRIDE signal
may be disasserted (or goes LOW). This may turn OFF the
buck converter 150 and the super-capacitor 176 may start
discharging through the first and second control transistors
172, 174.

FIG. 7 is a power cycling timing diagram of a voltage
regulator according to an example embodiment. Other
embodiments and configurations are also within the scope of
the present disclosure.

During a power cycle such as a standby/sleep mode, the
charge (or voltage Vs) of the super-capacitor 176 may be
preserved by disconnecting the super-capacitor 176 from the
output node 16 (i.e., the voltage V) using the first and
second control transistors 172, 174. FIG. 7 shows the driving
charge signal SC_CHG and the driving discharge signal
SC_DIS going LOW. When the first input signal VR_EN
signal is asserted during a wake event, the output voltage Vo
may be instantly provided through the super-capacitor 176
by asserting the driving charge signal SC_CHG and the
driving discharge signal SC_DIS. Once the capacitor 158 of
the buck converter 170 is charged, the super-capacitor 176
may be provided in a charge mode and the super-capacitor
176 may be charged to a voltage of V,+AV. The super-
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capacitor 176 may then be disconnected from the output
voltage V,, until the platform load is provided into the idle
state.

Embodiments may provide a method of powering an
electronic device, a system or an apparatus. This may
include receiving an input voltage at the voltage regulator
100, turning on the buck converter 150 of the voltage
regulator 100, providing the output voltage V, from the
voltage regulator 100 while the buck converter 150 is turned
on, and charging the super-capacitor 176 of the voltage
regulator 100 while the buck converter 150 is turned on. The
voltage regulator 100 may receive a signal indicating an idle
state, and turn the buck converter 150 off in response to
receiving the signal indicating the idle state. The output
voltage V, may be provided from the super-capacitor 176
while the buck converter 150 is turned off. Subsequently, the
buck converter 150 may be turned on when the output
voltage V,, is below a prescribed value.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that
a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention. The appearances of such
phrases in various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is
within the purview of one skilled in the art to affect such
feature, structure, or characteristic in connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A voltage regulator comprising:

a first circuit to receive at least one feedback signal from

a buck converter and to provide at least one driving
signal to the buck converter to provide an output
voltage based on the at least one feedback signal; and

a second circuit to control a super-capacitor device to

provide the output voltage from the super-capacitor
device when the first circuit is not using the buck
converter to provide the output voltage, wherein the
super-capacitor device includes a first control transis-
tor, a second control transistor and a super-capacitor in
series, the second control transistor coupled in series
between the first control transistor and the super-ca-
pacitor, and the second circuit to provide a first control
signal to the first control transistor and to provide a
second control signal to the second control transistor to
control the output voltage from the super-capacitor
device coupled in series to the first control transistor
and the second control transistor.

2. The voltage regulator of claim 1, wherein the at least
one driving signal includes a first driving signal and a second
driving signal, and the first circuit to provide the first driving
signal to a first switch transistor of the buck converter, and
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to provide the second driving signal to a second switch
transistor of the buck converter.

3. The voltage regulator of claim 1, wherein the first
circuit to receive an idle signal and to stop using the buck
converter in response to receiving the idle signal.

4. The voltage regulator of claim 1, wherein the at least
one feedback signal includes a first feedback signal and a
second feedback signal, and the first circuit includes a
voltage sense device and a current sense device, the voltage
sense device to receive the first feedback signal indicative of
the output voltage, and the current sense device to receive
the second feedback signal indicative of current in the buck
converter.

5. The voltage regulator of claim 1, wherein the first
circuit to sense the output voltage and to use the buck
converter to provide the output voltage when the at least one
feedback signal indicates the output voltage falls below a
threshold.

6. An electronic device comprising:

a platform load having a processor, and a voltage regu-
lator to provide an output voltage to the platform load,
the voltage regulator including:

a buck converter to receive a direct current (DC)
voltage, the buck converter including a first switch
transistor, a second switch transistor and a capacitor,
the buck converter to provide the output voltage to
the platform load;

a voltage controller to receive at least one feedback
signal from the buck converter, the voltage controller
to provide at least one driving signal to the buck
converter; and

a super-capacitor device to provide the output voltage
from the super-capacitor device when the buck con-
verter is not used to provide the output voltage to the
platform load, and the super-capacitor device
includes a super-capacitor in parallel to the capacitor
of the buck converter, the super-capacitor device
includes a first control transistor, a second control
transistor and the super-capacitor in series, and the
second control transistor coupled in series between
the first control transistor and the super-capacitor.

7. The electronic device of claim 6, wherein the at least
one driving signal includes a first driving signal and a second
driving signal, and the voltage controller to provide the first
driving signal to the first switch transistor of the buck
converter, and to provide the second driving signal to the
second switch transistor of the buck converter.

8. The electronic device of claim 6, wherein the voltage
controller to provide a first control signal to the first control
transistor, and to provide a second control signal to the
second control transistor.

9. The electronic device of claim 6, wherein the voltage
controller includes an idle control device to provide an idle
signal when the platform load is in an idle state.

10. The electronic device of claim 6, wherein the voltage
controller includes a voltage sense device and a current
sense device, the voltage sense device to receive a feedback
signal indicative of the output voltage, and the current sense
device to receive a feedback signal indicative of current in
the buck converter.

11. The electronic device of claim 6, wherein the voltage
controller to sense the output voltage and to use the buck
converter to provide the output voltage when the at least one
feedback signal indicates the output voltage falls below a
threshold.

12. The electronic device of claim 6, further comprising
a battery to provide the DC voltage.
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13. The electronic device of claim 6, wherein the buck
converter is not used to provide the output voltage when the
platform load is in the idle state.

14. A method of powering an electronic device compris-
ing:

receiving an input voltage at a voltage regulator;

turning on a buck converter of the voltage regulator;

providing an output voltage from the voltage regulator
while using the buck converter;

charging a super-capacitor of the voltage regulator while

using the buck converter, the super-capacitor coupled
in series with a first control transistor and a second
control transistor such that the second control transistor
is coupled in series between the first control transistor
and the super-capacitor;

providing an output voltage from the super-capacitor

while the buck converter is not being used, wherein
providing the output voltage includes providing a first
control signal to the first control transistor and provid-
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ing a second control signal to the second control
transistor coupled in series between the first control
transistor and the super-capacitor; and

receiving an idle signal from the electronic device and

stop using the buck converter in response to receiving
the idle signal.

15. The method of claim 14, further comprising providing
a first driving signal to a first switch transistor of the buck
converter and providing a second driving signal to a second
switch transistor of the buck converter.

16. The method of claim 14, further comprising sensing
the output voltage and providing the output voltage from the
buck converter when at least one feedback signal indicates
the output voltage falls below a threshold.

17. The method of claim 14, further comprising stopping
charging of the super-capacitor based on the output voltage
of the voltage regulator.

#* #* #* #* #*



